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INTRODUCTION

The Occupationai Health Report (AEHA, 1981) states that hearing loss
continyes as the number one occupational health injury in the Army. Ten
years earlier, a survey report (Walden and McCurdy, 1971) identified aviation
as a military occupation with a high incidence of hearing loss. The Air Force,
as well as the Navy, also has identified their hearing hazardous occupations
and the Air Force even has tracked these data by age group (Sutherland and
Gasaway, 1978). Although hearing Toss 1oag has been associated with the
military, the amount of hearing loss per length of exposure never has been
reported. This project has attempted to establish a value of hearing loss for
a specified number of flight hours.

This study sought to guantify the extent of hearing loss among aviators
at Fort Rucker, Alabama, and to identify factors which may have contributec to
this loss. Standard audiometric {=st procedures and questionnaire techniques
were used in a stratified ranaom sample approach. Values found in this study
can serve as initial normative nearing threshold levels distributed by flight
hours. This is important becauss it 15 rnot possiblie to discuss risk and
excess hearing joss by flight hours until a riorm is established among rotary
wing aviators. Tnis study also should provide iisicht into the effect the
SPH-4 flight heinet has had on the reduction of noise-induced hearing loss.

METHGDS AND MATERIALS

A Tisting of permanent party military aviators was provided by the
Automation Management Office (AMO) at Fort Rucker. These printouts indicated
that 98 percent of Fort Rucker's military aviators could be placed in a range
between £C and 7000 fiight hours. A stratified rancom sample (Table 1) was
developed by senirating this military aviation population into 10 cells or
strata according to t1ight hours. To obtain a confidence interval of 95 percent,
a N of 145 was selected using a standardized sampling scheme (Cochran, 1977).
Tre weight which each stratum represented to the total population was deter-
mired (Table 1). These individual stratum weights then were multiplied by
tre number of aviators assigned to each stratum, resulting in Th, the
required sampie size of each stratum. (Appendix A lists the population
distribution by stratum.) Aviators selected at random were asked to fill out
a yuestionnair2 znd tike a hearing test as a part of their scheduled flight
prysical. Tre questionnaire (Appendix B) attempted to identify a subject's
nearing history and exposure to hazardous noise. Aithough an audiologist or
technician reviewed each questionnaire to eliminate obvious errors or omissions,
the questiornaire data should be considered subjective in nature and only the
best recoilection of the subject.

A pure tone threshold audiometric test was administered to each subject
using either a Grason-Stadler Audiometer Model 1701 with TDH 49 earphones or
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Grason-Stadler GSi 10 with TDH 50P earphones. The cudiometers had received
alectro-acoustic calibra*ions in accordance with American Naticnal Standards
Institute (ANSI) S2.6-19%9 prios to the start of the survey. In addi%ion,
daily biciocical listenine checke (self-administered audiometric tests to
insure consistent audicmetric output) were performed by examiners prior to
testing during tne conduct of the survey. A1l hear:ng thresholds were
ob-aired using the Carhart-Jerger preferced clinica. nethod of threshold
determination {Carhart and Jerge:, 1959) with the suhbiects seated in a
double-walled TAC sound-treated sudiometric eramination bonth.

Frencn and Steinberg (1917) demonstrated that speech signals above
2530 Hz do not significatly fmprove sneech inte2’ligibility in quiet. How-
evar, in noise lower freguency specch comoonents are masked by competing
background signals and *tae hWigher frecaencies become more important. Since
high levels of backaround noive exposure resuit in righ frequency hearing
]css and signals below 2907 Hz eacily are masked, ithis study limited its
investigation to 2000, 3007, 0.0 a¢ 6000 Hz bilatercily.

B Quegtjopnaire re§u}1§ and ;urashg?c values were stcred in a Zystems
Eng1n¢ef1n% caporatories Model & Mieitil Computer. 417 data wer2 double-checked
to eliminate any ntry eevors ana ther sorted for analysis.

The analysis of die corsidared wean and median threshoid leve's,
standard deviaticns, and »taidard ervors as a function of flight hours.
Questionnaire arda threshnia cate thern were takulated.

RESULTS Al DISCUSSION

Heewina thresheld d2to for all subjects are sun-arized jn Table 2. In
generdi, increased flight hours are associated with an increase in hearing
Toss, with the qreatest loss occurring at 6000 Hz in pilots with 3001-4000
flight hours: 34 JdP in tho right ear,

Table 3 Tizuu ine velatiunsalp batween flight nours, age, years in service
and years raved s an aviavor. with this information, it was determined that
aviators wiinh crer 30U hourss (Takle 2) had, on the iverage, miore than 1C
years as a rated Lvsiator. Rasults from a 1971 US Aray survey (Walden and
Moouriy, 1971) viilh recorded threshold data To- aviators with over 10 years
vazed survice ihen wece compared (Table 4} with the threshold data “or the
"0 years piu oviators “ran the current study.
hs indicate? Sy Table &40 mean hearing threshold levels aopear to be
Tgwer for today s eviators than “or those of a decace ago. This could be
th: resul® of cemplex factors which include the redesign of aviator helmets
and increased xithasis on hearing conservation. The difference in sample popula-
tions may he ¢ cortributing facinr in any attempt to view Table 4 as dispiaying
absolute reducs on levels. Howsver, this population variation is not felt to
be sirnificant in identifying ¢ rrend.
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TABLE 4

1982 VERSUS 1971 HEARING THRESHOLD COMPARISONS IN dB FOR AVIATORS
WITH AT LEAST TEN YEARS AS A RATED AVIATOR

Right Ear Left Ear
2000 Hz 4000 Hz 6000 Hz 2000 Hz 4000 Hz 6000 Hz
Meen Threshold
1971 Suivey
=43 11.0 30.7 32.8 11.2 31.0 27.7

(Total flight
hours unknown)

Mean Threshold
1962 Survay
r=46 6.5 17.7 32.3 0.4 25.6 22.6
(Aviators with
3000-7000 hours)

13




As further evidence of . reduction in hearing loss, Table 5 compared mean
threshold data by age against thresholds reported by the U.S. Public Health
Service (USPHS, 1965) study of the general nonindustrial civilian population.
Not until the 5th stratum (1001-2000 flight hours) did mean hearing threshold
va'ues for Army aviators significantly exceed the civilian normative data.
This excess probably was due in part to the aircraft noise environment in
combination with small arms and artillery exposure. These results were
similar to a 1978 US Air Force study (Sutherland and Gasaway, 1978) which
found that Air Force aviation personnel reflected better hearing than either
noise-exposed Air Force civilians or the general U.S. population.

Table 2 (threshold data) also indicated a greater amount of mean hearing
loss in the left ear than the right ear from 2000 through 4000 Hz. At 6000 Y4z
the right ear exhibited the most damage. These results held true for all cate-
gorries of flight hours. This result has not been reflected in the literature;
otaer studies (Corso, 1963; Spoor, 1967) did not report the ear involvement
to be frequency dependent, but indicated rather that the left ear most
consistently was involved. Hewever, a one-way analysis of variance of all
frequencies (2, 3, 4, and 6 kHz) did not find the threshold differences
between ears significant at the .05 level.

Table 6 displays the difference in dB between 2000 and 4000 Hz for the
le~“t ear broken out by flight hours. This table indicates an increase in
thireshold between the 50-400 and 401-600 flight hour strata and again
between the 2001-3000 and 3001-4000 strata. The 24 d3 difference for 801-1000
flight hours was felt to be artificially low due to the high incidence of
exoosure to weapons fire: eight out of 10 subjects had been exposed to
significant small arms or artillery fire. It was felt that this greater than
normal exposure elevated thresholds for 2000 Hz as well as 4000 Hz and thus
artificially reduced the expected range. One-way analysis of variance did
not find a significant difference for threshold values among strata at the
.05 level for either 2000 or 4000 Hz. However, a one-way analysis of
variance of difference scores (4000 Hz threshold minus 2000 Hz threshold)

did find a significant effect of flight hour strata (F=2.5, dF=135, p<.05).

luestionnaire data concerning the 145 aviators who participated in this
study were reviewed and although all data were entered into the computer, only
se ected items are reported in Appendix C (Data and Summary Statistics).
This decision was based on the fact that most of the questionnaire items
could not be verified and represented only the best recollection of the
subject.

Flight hours, rank, and age were the administrative questionnaire items
selected for analysis. Rank was found to be heavily polarized - 69 percent of
the sample population (57/83) with more than 2000 flight hours were warrant
officers. Of subjects with less than 2000 flight hours, 85 percent (53/62)
were found to be officers. The age of the 145 subjects ranged from 24 to 45

with a mean of 32 years.
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Questionnaire items Mo. 7 (earplugs worn with the helmet), No. 16 (years
exdosed to small arms), No. 17 (years exposed to artillery), and No. 28 (years
smoked), are tabulated in Appendix C. The following is a summary of the self-
reported responses to these items: 39 aviators, or 27 percent, of the sample
pooulation admitted to wearing earplugs with the SPH-4 helmet. Seventy-one
aviators, or 49 percent, had at least one year of frequent exposure to small
aris fire and 56, or 39 percent, had received frequent exposure to artillery
fi-e for at least one year. Smoking was defined as the use of one-half
package of cigarettes a day for at least one year. Using this criterior,
only 40 pilots, or 28 percent, were identified as smol::is.

CONCLUSION

This studv provided hearing threshold data for Army aviators stationad
at Fort Rucker, Alabama, from February through August 1982. This population
displayed the following characteristics: nonsmokina, 72 percent; average
ag2, 32; earplugs typically not worn with SPH-4 helmets, 73 percent; and
sudstantial exposure to small arms and artillery fire, 54 percent.

Three major findings emerged from the threshold data. The present mean
pu~e-tone thresholds were found to be Tower than data gathered by Walden and
McCurdy in 1971. The authors speculate that this improvement can be attri-
buted to redesian of the SPH-4 helmet and increased awareness of and com-
pliance with hearing conservation measures. It is possible that tighter
adninistrative controls also contributed toc the reduced threshold values
through the elimination of aviators who failed to meet the criteria
required to remain on flight status.

The second finding, that the threshold values for the right ear exceeded
those for the left ear at 6000 Hz across all strata of flight hours, canrot be
readily explained. This result may be peculiar to the aircraft's acoustic
environment.

Perhaps most important was the finding of three threshold regions which
may have possibie use as discriminators to highlight the individual who has
increased susceptibility to noise damage. Currently, a 20 dB elevation in
threshold is used to indicate a significant threshold shift in hearing acuity.
The data from this study indicated that, for Army aviators at Fort Rucker,
there exist three threshold regions correlated with flight hours: 50-400
flight hours, 401-3000 flight hours, and 3001-6000 flight hours. These regions
each have a specific range of hearing loss measured by comparing 2000 and 4600
Hz thresholds in the left ear. These normative data establish an expected
amount of hearing loss according to the amount of flight hours. Therefore,
anyone falling outside of his/her respective range could be identified for
possible follow up procedures prior to incurring a 20 dB shift.
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RCCOMMENDATION

It is recomrended that additional studies be undertaken to enlarge
the data base for the aviation population. Similar 2000-4000 Hz range
results from an enlarged sample would serve to validate the initial
normative data and allow hearing threshold levels to be predicted.
Av-ators exceeding those predictor values would be considered "at risk"
and foligw-up procedures would be raccmmended prior to the onset of a
significant threshold shift.

|
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APPENDIX 8

Army Aviator Questionnaire !
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APPENDIX B
EXTENT OF HEARING LOSS

The purpose of this survey is to determine the extent of hearing
loss among Army aviators. None of the information that you provide will
become a part of your medical record. Your name will not be indicated

anywhere on the questionnaire or in the analysis of the data.

Please answer the following questions as accurateiy as possible.

Your participation in this survey is greatly appreciated.

HAME :

Subject Number:

Current Duty Station:

Unit:

Phone:
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CIVEY TORTROL AMRCR ACZE HCR-MS 1t g
EXTENT OF HEARING LOSS AMONG ARMY AVIATORS

QUESTIONNAIRE
Subject number ______ (ARA)
Age in Years_____ (BB) Months_____ (CC) Time in Service Years___(DD) Months_____(EE)
1-4 = WOI-Cwé 6 = 1.7 83 = MAJ 10 = COL
1. Mijitary Rank ____ (fF} 5= 2UT 7=CPT 9aLTC
2 dhat heansh of servica. Please check onm.  (6)
Armor ___ {3) Artillery__ _(2) Infantry __ (3) Transportation___(4)

Otrer (please specify)  (5)-Cnem; 6=MP; 7=MED; 8=AVN; 9=SIG
3. How many years have you been rated as a US Army Aviator? (HH)
4. Total number of flight rours logged: (1111)
5. Aporoximate numver 07 hours of flight time lcgged in norwilitary afrcraft _ _ {JJJdJ)

6. uhat type of noamilitary aircraft have you flown, for how many hours, and what
type of hearing protectors have you worn?

1-Single eng; 2-twin ang; 3-four eng; 4-helicopter

Ptane  Time/Hours Hearing Protection Worn
(<) \LthL) M (2) (3) {4) (5) (M)
SPH-4 Headset ___ tarplug _ _ SPH-4/Earplug ___None
. SPH-4 Headset ___ Earplug _ _ SPH-4/Earplug ____None
SPA-4 headset _ _ Earpiug ___ SPH-4/tarplug ___ None
ﬁ 7. vhat type of m:litery aircraft nave you flown, for how many hours, and what

type of nearing protection have you worn?

1=UH1, 2=AHT; 3=CH47: 4=0H58; 5=0H13; 6=TH55, 7=0H6; 8=T41; 9=T42; 10=01; 11=U21; 12=CH54

- Plna Tie/Hoore flearing Protaction Worp
fm) o (0000) (n (2) (3) (4) (5) (P)
e e __SPH-4 __ Headset __ Earplug ____SPH-4/Earplug ___ None
___SPH-4 _ Headset __ Earplug ____SPH-4/Earplug ___ None
— e——_ . _SPH-4 __ Headset __Farplug ____SPH-4/Earplug ___ None

_ SPH-4 _ Headset _ _Earplug SPH-4/Earplug None




\—

a.

How many years have you been flying US Army aircraft? (QQ)

9. What type of military gunship aircraf't have you flown, for how many hours,
and what type of hearing protection have you worn?
Plane Time/Hours Hearing Protection Worn
(RR)  {sSsS) m (2) (3) (4) (5) N

_SPH-4 __ Headset __ Earpiug __ SPH-4/Earplug __ None
__SPH-4 _ Headset __ Earplug _ SPH-4/Earplug ___None
__SPH-4 __ Headset __ Earplug _ SPH-4/Earplug __ None
___SPH-4 __ Headset __ Earplug __ SPH-4/Earplug __ None

1G. Kow many years have you routinely worn the SPH-4 flight helmet? (uy)

1. have you ever worked in a noise hazardous environment (criving tractors, wood
working, around noisy machinery) without wearing hearing protection?

Yes_ (1) N0 __(?) (V)

12. Do you ususally wear hearing protection (earplugs or earmuffs) when exposed to
noise hazardous work environment? Yes_ (1) No___ (2) (W)

13. How many years have you routinely worn hearing protectors (earplugs or earmuffs)
in a noise hazardous work environment (power tool, driving tractors, wood working,
cockpit, flight line)? (XX)

14. Is hearing protection other than the SPH-4 flight helmet usually available to
you when you are exposed to a noise hazardous situation on the flight 1ine?
Yes_ () Koo {2 (1)

15. How long ago was your last noise hazardous exposure (flight line) in hours___ (22),
days (AA), months____ (BB).

16. How many years have you had a military assignment involving frequent (at least
monthly) axposure to small arms fire? None Years (cc)

i7. How many years have you had a military assignment inveiving frequent (at least
month]y{ exposure to artillery weapons fire? None Years (

14 How wany year- have you heen routinely exposed to aircraft radio communication?

(EE)

13. When was your last exposure to aircraft radio communication in hours? __ (FF),
days____ (GG), months____ (HH).

20. Do you believe that you presently have a hearing loss? Yes (1) No (2) (1).

21. How many years have you experienced a hearing loss? (J3d).

28




22.

23.

24,

~J
()]

29.

Does your hzaring loss someiimes interfere with your ability to hear and
understand radio communication? Yes__ (1) No___ (2) (K).

In the communica:icn situations listed below, circle the degree of difficulty
{1,2,3,4) you experience for each situation.

No difficuity
Minimal difficulty
Some difficulty
Great difficulty

PR~
[ ]

W

Inacruwd: 1 2 3 4 (1)

b. In a smaii gathering of two or_three people: 1 2 3 4 (M)

¢. In a conversation with another individual: 1 2 3 4 (N)

d. While usiny the ii~cmafi r.dio communication system: 1 2 3 4 (0)

e. In your cffice environment: 1 2 3 & (P)

f. Using the teephomer 1 2 3 4 (Q)

Jves your hear.ng 19ss sometimes interfere with your ability to function in
sacial situaticns? Yes {1} No 2) (R}

Does your hearing loss sometimes interfere with ycur ability to perform your
job to the best of your ability? VYes (1) Neo (2) (s)

'vhat do you baiieve was tha primary cause of your hearing loss? Check one. (TT)

1) Exroscre to smali arms fire (6) Ear disease
___(2) ©uccire to artidlary weapons fire ___(7) Aging
A3 t. 0 o aircraft radio communication _ (8) Illness
W% teieso ot teonoisy acrines or engines \9; Do not know
(3 wosere to Aircraft engine noise (10) 0ther (please specify)
[x sou beliove your netring los: developed cver an extended period of time (years)
0~ as a result of 3 {raumatic exposure (gundlast)?
Extondag meric. {0 Traumatic exposure (2)  (v)
L ogou stoke ¢ garstzes’ Yoo N ircle how many pack:s of ciqarettes
fCu =W ke nav _ay: (1Y 4, ey v (31 4w (8 2 (5) 2% (v)

Circle row frequertiy vau chanqe the earcud seals on your SPH-4 flight helmet: (W)

s

(1, & montne (2) 12 monzhs (2} 18 months (4) 24 months (5) 36 months




30. Circle when you last changed the earcup seals on your SPH-4 flignt helmet.

(1) 6 months () 12 months (3) 14 months (4) 24 months (5) 36 months

3. AUDIOGRAM
Frequencies
F :F:
| soo | 1000 | 2000 | 3000 4000 | s000 | 8000
' RRs_ | RRI RR2 RR3 RRG | RS RRS
Right
1
Left i
N 1z 3 4 {6 I8

32. Approximately how many years have you had frequent (at least every 3 months)
exposure to nonmilitary handguns, rifles, or shotguns? None Years (MM)

33. Check the type of nonmilitary small arms you have been exposed to as a child
and/or adult and what type of hearing protection you utilize?

Type Weapon Hearing Protection Worn

Yes No  Earplug Earmuff Earplug/earmuff None Sometimes

Handgun (N)
2 3 4 5 [ 7

Rifle/shotgun__ (0)
1 2 3 4 5 6 7

33. How many years nave you smoked (pp}

(W, o {2y 1-5 (3) 5-10 (4) 1115 (5) 16-20 (6) 21-25 (7) 26-30
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APPENDIX C

Data and Summary Statistics
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List of Manufacturers
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APPENDIX D
LIST OF MANUFACTURERS

Grason-Stadler Inc.
56 Yinthrop Street
Concord, Massachusetts 01742

Industrial Acoustics Corporation
380 Southern Boulevard
Bronx, New York 10454

Systems Engineering Division, Gould Inc.
6901 W. Sunrise Boulevard
Fort Lauderdale, Florida 33313
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